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In a previous publication it was reported that sera from children with ulcera- 
tive  colitis  usually  contain  antibodies  which  react  with  antigen,  present  in 
normal or even fetal colonic tissue  (1). The antigen was extracted with phenol 
and water at 65°C. The antibodies could be demonstrated by means of hemag- 
glutination and gel diffusion methods and behaved electrophoretically as gamma 
globulins.  Later  studies  revealed  that  hemagglutinating  and  complement- 
fixing  antibodies,  reacting  with  phenol-water  extracts  of  human  colon,  also 
were present  in  the  sera  of adult  patients  with  ulcerative  colitis  and,  in low 
titers, in the sera of patients with certain other diseases  (2). Sera from healthy 
persons  did  not  contain  such  antibodies. 
The presence, in ulcerative colitis sera, of an antibody-like factor, reacting with constitu- 
ents of human colonic tissue has also been reported  by other workers. Polcak and Vokurka, 
using the collodion agglutination  technique, have been able to demonstrate  such a factor in 
the sera from 30 patients  (100 per cent of the material)  while 200 sera from healthy persons, 
or persons suffering from other diseases, yielded completely negative  results  (3, 4). In this 
case the antigen  was prepared  by saline extraction  of colonic tissue. Similarly, Kirsner  and 
Bregman  (5-7)  have found an antibody-like  factor in the sera from certain  patients with 
ulcerative colitis. The antigen was prepared by ndld acid extraction of colonic mucosa. Finally, 
Bernier,  Lambling,  and  Cornelis, using the tanned  cell agglutination  technique,  have also 
been able to demonstrate  the presence of an antibody-like factor in the sera of the majority 
of patients  with ulcerative  colitis  (8). Their  antigen  was prepared  by saline extraction  of 
colonic  mucosa. 
In this  paper it  will  be shown that the  sera  of  children  with  ulcerative  colitis 
contain gamma  globulin  which also  reacts  with colonic  antigen when in silu. 
The localization  of the antigen will  be described  and evidence will  be brought 
forward for  the  specificity  of  the  reaction  for  ulcerative  colitis.  The relationship 
between the  antigen,  blood  group  substance H, and  antigens  reacting  with anti- 
bodies present in the sera  from patients  with other diseases  will  be discussed. 
*  Present  address:  Weuner-Gren  Institute  for  Experimental  Biology,  University  of  Stock- 
holm,  Stockholm,  Sweden. 
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Material and Methods 
Sera.--Thirteen sera from children, suffering from ulcerative colitis (U.C.), were examined. 
All sera  agglutinated sheep red  blood cells coated with antigen prepared  by extraction of 
sterile human colonic tissue with phenol and water at 65°C (1). Titers are given in the tables. 
Gamma globulin was prepared from 5 of these sera by fractionation on columns containing 
DEAE  1 cellulose and using 0.0175  ~  phosphate buffer of pH 6.3 as ehient (9). Mter dialysis 
against physiological saline the fractions were concentrated to the original serum volume by 
dialysis against polyethylene glycol as described by Kohn (10). 
Sixteen sera from healthy children and adults were used as controls. Gamma globulin was 
prepared from 2 of these as described above. For the inhibition there was used one serum pool 
made up from the serum samples of 7 healthy children. 
Sera from children with other diseases comprised the following samples: one serum pool 
from 3 children with systemic lupus  erythematosus  (SLE), one from  3  children with rheu- 
matoid arthritis, and one from 4 children with the  nephrotic  syndrome. Each of the three 
pools hemagghitinated sheep red cells coated with human colonic extract. Before use each pool 
was concentrated to an agglutinating titer of 1 : 54. 
H  agghitinins from the serum of eels (11) were prepared from a pool of eel serum, agglu- 
tinating a  0.25 per cent suspension of human erythrocytes, blood group O,  in a  dilution of 
1:128. The agglutinins were isolated by fractionation on DEAE columns using stepwise elu- 
tion with phosphate buffers of increasing molarity and decreasing pH. It was found that the 
specific  hemagglutinating activity resided in  the fraction eluted  with 0.0175  ~r phosphate 
buffer, pH 6.8. The fraction was dialyzed against physiological saline and concentrated to one- 
fourth of the original serum volume. 
A rabbit anti-human gamma globulin serum was used for staining with the indirect method. 
This serum, a pool from 9 individual rabbits, was prepared by injecting rabbits for 3 months, 
twice weekly intravenously, with human gamma globulin prepared by alcohol fractionation 
according to Deutsch (12). 
Preparation of Conjugates.--Commercially available samples of  fluoresceinisothiocyanate 
(Sigma Chemical Company, St. Louis) and lissamine rhodamine B  200 (ICI) were used for 
conjugation.  Conjugation  with  fluoresceinisothiocyanate was carried out following the de- 
scription given by Mellors (13) and conjugation with lissamine rhodamine B 200 following the 
description given by Chadwick, McEntegart, and Nairn (14). 
After conjugation the sera or gamma globulin fractions were repeatedly absorbed with ac- 
tivated charcoal (0.05  gm/ml)  (14),  care being taken not to remove the protein. This treat- 
ment was followed by dialysis until dye no longer appeared in the dialysate. In some of the 
later preparations, the conjugates were purified by gel filtration (15)  through sephadex G 25 
(Pharmacia AB, Uppsala). In this procedure, the free dye is retained in the column whereas 
the conjugate is readily eluted. The conjugates were finally concentrated to the original volume 
as described above. 
Various control experiments indicated that these procedures removed all unspecific staining 
of sections of the colonic tissue. The absorption of the conjugates with lyophilized rat liver 
powder, performed in preliminary experiments, was omitted when it was found that no differ- 
ence appeared upon staining the sections with absorbed or unabsorbed conjugates. 
Preparation of Tissue Sevtions.--Specimens of colonic tissue were  taken at  biopsy from 
healthy human adults belonging to blood group O. Necropsy material was never used. Im- 
mediately after excision the tissues were quick frozen with CO2 and cut at approximately 5 # 
in a  cryostat at --17°C. After thawing the sections were allowed to dry in air at room tem- 
perature. All experiments were performed with unfixed material. 
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Staining.--Both  the direct and the indirect methods were used. In the direct method, the 
tissues were incubated with conjugated serum or gamma globulin for 20 minutes at 37°C in a 
moist chamber, followed by a 15 minute wash in buffered saline to elute uncombined conjugate. 
In the indirect method the tissues were incubated with unconjugated serum or gamma globulin 
for 20 minutes at 37°C in a moist chamber, followed by a  15 minute wash in buffered saline. A 
conjugated rabbit anti-human gamma globulin serum was then applied for 20 minutes at 37°C, 
followed again by a 15 minute wash in buffered saline to elute uncombined conjugate. 
The specificity of the immunological staining was tested in a  series of inhibition experi- 
ments. In the autoinhibition tests,  the sections, previous to incubation (20 minutes, 37°C) 
with unconjugated antiserum were incubated for 20 minutes at 37°C with an unconjugated 
sample of the same antiserum. In the cross-inhibition tests, unconjugated samples of various 
antisera were applied in a first step. In the second step, the pretreated tissues were incubated 
with a conjugated sample of a strongly staining serum or gamma globulin from other patients 
or from eel. 
In a  series of experiments, using the indirect method, sera from patients with ulcerative 
colitis were first absorbed with either colon extract or spleen extract, obtained by extracting 
sterile tissue with phenol and water at 65°C (1). 6 mg of lyophilized extract/ml of serum was 
used for absorption. After absorption and centrffugation the sera were applied to a tissue sec- 
tion of human colon for 20 minutes at 37°C in a moist chamber, followed by a  15 minute wash 
in buffered saline. A conjugated rabbit anti-human gamma globulin serum was then applied 
for 20 minutes at 37°C, followed again by a  15 minute wash in buffered saline to elute uncom- 
bined conjugate. 
Microscopy.--The sections were inspected by ultraviolet fluorescens microscopy, using the 
microfluorescens apparatus fluorex (Rdchert) with a  high vacuum burner HB 200  (Osram). 
Ocular X  5 was used permanently while objectives X  20, X  40, X  60, and X  100 were used. 
(Magnification is  expressed  as  ocular  X  objective.)  Microphotographs were  taken with a 
Leica camera using an ektachrome E  135-36 (Kodak) color reversal film. 
Hemagglutina~ion Inhibition.--Sheep erythrocytes were coated with colon extract as pre- 
viously described  (1).  Human erythrocytes were obtained from Rh-negative individuals of 
blood group O and were washed 3 times with buffered saline. The titrations were performed on 
perspex trays. Serial dilutions of antiserum were made in buffered saline and aliquots of 0.1 ml 
of the dilutions were placed in the rows of holes in the tray. The antigens used for inhibition 
were either a lyophiliT.ed powder of the colonic extract, or a purified H substance prepared from 
human ovarian cysts. (The sample used in these experiments was kindly provided by Prof. R. 
Grubb, Institute for Bacteriology, the University of Lund, Sweden) 0.1 ml aliquots of a solu- 
tion of antigen was then added, using a  different concentration of antigen for each row of 
serum dilutions. Antigen dilutions were prepared in twofold steps, starting from a stock diluted 
to contain 0.256 mg/ml. In controls, 0.1 ml of buffered saline instead of antigen was added to 
each of the serum dilutions. For absorption, the mixtures were incubated at 37°C for 60 min- 
utes and in the refrigerator overnight. 0.1 ml aiiquots of a 0.25 per cent suspension of colon- 
treated sheep erythrocytes or of human erythrocytes, blood group O, were finally added to all 
samples. The trays were shaken and kept at 37°C for 60 minutes. After a second shaking, they 
were left at 4°C overnight. The settling patterns of the red cells gave some indication of  the 
degree of hemaggiutination. However, the final judgment was always made on the appearance 
of the red cells after gentle shaking. 
RESULTS 
When thin sections of colonic tissue were incubated with conjugated serum 
or isolated gamma globulin from patients with ulcerative colitis, an adsorption 16  EPITHELIAL ANTIGEN IN COLON 
of the fluorescent label to the cells could be observed in 3 out of 10 cases (Table 
I). Table I  also shows that negative results were obtained in the controls in 
which sera from healthy persons were used (11  cases). A higher proportion of 
positive results was obtained when the more sensitive indirect staining method 
TABLE  I 
DirectSta~ing ~  ~ssueS~tions 
Conjugate 
/~.L--n 
A.K~n 
A.P~n 
G.J--n 
B.S--t 
G.M--n 
G.T--n 
S.L--g 
T.S--d 
L.S--g 
B .W--I 
I.K--n 
I.G--n 
H.P--n 
A.D--n 
P.P--n 
E.A--s 
B.E--n 
F.H--n 
B.M--n 
I.C--f 
Type 
U.C. 
t¢ 
Hemagglutlnatlng 
titer*  of  serum 
256 
256 
128 
128 
128 
Stalnlng~ with 
Whole serum 
+ 
+ 
Normal 
c~ 
cc 
t~ 
c~ 
c~ 
64  + 
32 
32 
16 
8 
--  N 
Ganllna 
globulin 
+ 
+ 
+ 
* Reciprocal of highest dilution  yielding  macroscopic hemagglufination of red blood cells 
from sheep,  coated with  phenol-water extract  of  human colon (see  reference  I). All  titers  refer 
to determinations made in one series  of  experiments with aliquots  of the same batch of  coated 
red cells. 
All conjugates made with fluoresceinisothiocyanate.  +, positive  staining; -, no visible 
staining. 
was used.  Thus, when sections, after preincubation with unconjugated  serum 
or  gamma globulin  of  the  patients,  were  incubated  with  conjugated  rabbit 
anti-human gamma globulin serum, the sera of 6 out of 13 patients gave posi- 
tive staining reactions, whereas all controls were negative (Table II). It may 
be noted that the 3 samples reacting positively in the direct staining procedure 
also did so in the indirect procedure. In Tables I  and II, the hemagglutinating OVE BROBERGER  AND  PETER PEI~T.~;kNN 
TABLE II 
Indirect Staining of Tissue SerMons 
17 
Preincubatlon with uncon]u- 
gated sample from 
~.L--n 
A.K--n 
A.P--n 
G.J--n 
B.S--t 
B .L--m 
G.M--n 
R.E--n 
G.T--n 
S,L--g 
L.W--m 
T.S--d 
L.S--g 
B.W--I 
I.K--n 
I.Cr--n 
H.P--n 
A.D--n 
P.P--n 
E.A--s 
B.E--n 
F.H--n 
B.M--n 
I.C--f 
S.H--n 
E.L--n 
P.D--1 
K.@--e 
K.S--n 
U.C. 
cc 
cc 
cc 
c¢ 
cc 
(c 
cc 
cc 
Cc 
c¢ 
Normal 
cc 
CC 
ct 
~c 
c~ 
~c 
¢c 
cc 
cc 
~c 
cc 
ttemagglutinating 
fiter* of serum 
256 
256 
128 
128 
128 
128 
Staining~ with rabbit anti- 
human gamma globulin 
after preincubafion with 
unconjugated 
Whole  serum 
+ 
+ 
+ 
+ 
64  + 
64  + 
32 
32 
32 
16 
8 
--  m 
m 
G~iiuna 
globulin 
+ 
+ 
+ 
+ 
*, ~ For  explanations,  see  Table  I. 
fiters are also given. The hemagglutination  experiments were performed with 
sheep red blood cells, coated with extract of human colon (1). It will be seen 
that, with a few exceptions, the sera giving positive staining reactions were of 
a higher hemagglutinafing  fiter than the non-staining  sera. The difference in 
tlter between staining and non-staining sera is statistically highly significant. 
The results indicate that gamma globulin present in the sera of the patients 
was adsorbed to normal human colonic tissue. The specificity of the ,~taining 18  EI:'ITHELIAL ANTIGEN IN COLON 
was confirmed in a  number of inhibition  tests,  summarized in Table III. The 
first group of experiments  shows the results  of a  number of auto inhibitions, 
made with the 3 sera, which all were positive when tested with the direct stain- 
ing method.  As can be seen, no staining was obtained when the sections were 
incubated  with  these  conjugates after  preincubation  with unconjugated sam- 
ples  of the  same  sera.  Identical  results  were  obtained  when  isolated  gamma 
globulins were used both for preincubation and for staining. The second group 
of experiments in Table III gives the results  of a  number of cross-inhibitions. 
TABLE III 
Inhibition  Tests with Sera from Ulcerative Colitis Patients 
Preincubation with unconjugated 
sample from 
~..L--n § 
~_.P--n§ 
_~.M--n§ 
b.Sg., S.Lg., G.Tn.  (pool)[I 
L.W--m 
r.S---d 
~even healthy children (pool) 
c*  ~c  *c  6c 
~d'Pe 
U.C. 
6~ 
U.C. 
Nc ~  hal 
c 
Titer* 
256 
128 
64 
32 
32 
16 
I 
Incubation  with conjugated 
sample from 
A.L--n§ 
A.P--n§ 
G.M--n§ 
A.Mn., G.Mn. (pool)][ 
c~  ~  cc 
~.L--n 
A.P--n 
G.M--n 
Stain- 
ingt 
+ 
+ 
+ 
+ 
*, ~ For explanation, see Table I. 
§ Similar experiments with the isolated  gamma globulins of these  sera  gave  identical 
results. 
[I Because of shortage o{ serum, pooled sera were used in these tests. 
The unconjugated sera used for preincubafion were all of a  low hemagglutinat- 
ing fiter and  were negative both in  the direct or in the  indirect staining  tests. 
When incubated with a  conjugate made from a  pool of 2 of the staining sera, 
used in the autoinhibifions, inhibition was obtained in 2 of the 3  cases.  A posi- 
tive staining reaction appeared with  the conjugate made from a  serum  which 
was of a  very low hemagglutinating  titer.  Finally,  when  serum  from  normal 
individuals was used for preincubation, no inhibition was obtained  (Table  III). 
The  correlation  between  staining  reactivities  and  hemagglufinating  titers 
of  the  sera  suggested  that  the  tissue  antigen  binding  fluorescent  antibodies 
would be present also in the phenol-water extracts used for coating of the red 
cells in the hemagglutination  experiments.  In order  to investigate  this  point, 
the 3 staining sera from the patients A.P--n, .~.L--n,  and  G.M--n were first 
absorbed with a lyophilized extract of human colon until their hemagglutinat- 
ing power was  lost. When  the  absorbed  sera were used  for  staining  with the OVE BROBERGER  AND  PETER PERLMANN  19 
indirect  method,  no  staining  was  obtained  with  samples  from  A.P--n  and 
G.M--n.  The  sample  from A.L--n  still  gave  a  faint  staining  reaction,  most 
likely due  to an incomplete removal of antibodies.  In order  to  exclude  an  un- 
specific removal of antibodies by tissue  extracts  absorption  with  phenol-water- 
extracted human  spleen was used as a  control.  Hemagglutinating  and  precipi- 
TABLE  IV 
Inhibition  Tests with Sera from Patients ~,ith  Various Diseases and with H Agglutinins from Eel 
Preincubation with unconjugated  Incubation with conjugated  sample from  Staining*  sample from 
No preincubation 
SLE (pool) ~t 
No preincubation 
Nephrofic Syndrome  (pool)~ 
No preincubation 
Rheumatoid arthritis (pool) 
SLE (pool) 
U.C., A.Pn, G.Mn (pool)§ 
Nephrotic syndrome (pool)~ 
U.C., ~.L--n 
"  , A.P--n 
"  , G.M--n 
Rheumatoid arthritis (pool):~ 
No preincubation 
H agglutinins  (eel) 
U.C.,/~.L--n 
"  A.P--n 
"  G.M--n 
H  agglutinins 
t~  gC 
U.C., A.Pn,  G.Mn (pool)§ 
H  agglutinins  (eel) 
cC  ~ 
lc  lc 
U.C.,  A.L--n 
"  A.P--n 
"  G.M--n 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
* All conjugates made with fluorescein isothiocyaaate. +, positive staining; --, no visible 
staining. 
:~ For details see Material and Methods. 
§ Because of shortage of serum, serum pools were used in these tests. 
tating  antibodies  reacting  with  this  spleen  extract  could not  be  demonstrated 
in the 3 sera. Absorption of the sera with spleen extract did not abolish  a  posi- 
tive staining  with the indirect method. 
Inspection  of  the  tissue  sections  after  staining  revealed  that  the  labeled 
globulins were adsorbed exclusively onto mucosal structures,  with a preferential 
affinity for the epithelial cells of the crypts  (Figs.  1 to 5).  Similar results were 
obtained regardless of the method of staining  (direct or indirect)  or the type of 
fluorescent  label used.  It will  be noted  that  the  basement membranes  appar- 
ently remained  unstained  (Fig.  2).  From  several pictures  (e.g.,  Figs 4  and  5) 
it appeared  that  the  staining  was cytoplasmic,  leaving the nuclei unaffected. 20  EPITHELIAL ANTIGEN IN COLON 
Previous  experiments  indicated that  sera  from patients  with various dis- 
eases, e.g., systemic lupus erythematosus, rheumatoid arthritis, or the nephrotic 
syndrome  also  showed  a  hemagglutinating  activity  towards  the  phenol- 
water extracts of human colon (1, 2). It therefore was of  interest to know whether 
such sera also were capable of reacting with colonic antigen when in silu.  Ex- 
6/, 
32 
16  \ 
,28  3 10 
® 
2 
!  ",%__ 
l"  *--.---e--. 
TExT-FIG.  1.  Hemagglutination with ulcerative colitis serum, of sheep erythrocytes coated 
with colon extract, after absorption of the serum with lyophilized colon extract or H substance. 
Abscissa, amount of extract or H substance (/~g) used for absorption of 1 ml of ulcerative colitis 
serum; Ordinate, serum titer given as the reciprocal of highest serum dilution yielding macro- 
scopically visible hemaggiutination (serum titer O represents no hemagglutination with un- 
diluted  serum);  Open circles,  hemagglutination after absorption with colon extract;  Filled 
circles, hemagglutination after absorption with H  substance. 
T~xT-FIG. 2.  Hemagglutination with eel serum of human group O erythrocytes, after ab- 
sorption of the serum with colon extract or H substance. Abscissa, amount of extract or H sub- 
stance ~g) used for absorption of  1 ml of eel serum; Ordinate, serum titer given as the re- 
ciprocal of highest serum dilution yielding macroscopicaUy visible hemagglutination (serum 
titer O  represents no hemagglutination with undiluted serum); Open circles, hemagglutina- 
tion  after absorption with  colon  extract;  Filled circles,  hemagglutination after absorption 
with H  substance. 0VE BROBERGER  AND  PETER PERLMANN  21 
periments made to explore this problem are summarized in Table IV.  When 
tested with the direct or the indirect staining methods, negative results were 
obtained both with the serum pool from patients suffering from SLE and with 
that from patients with the nephrotic syndrome. In contrast, the serum of the 
rheumatoid patients showed a  staining of the mucosa,  submucosa, and mus- 
cularis (Fig. 6). In a second series of experiments all 3 serum pools were tested 
in a number of cross-inhibition tests. Table IV shows that in none of the cases 
did preincubation with the unconjugated pools prevent the staining of the colon 
sections with conjugates from ulcerative colitis patients. On the other hand, a 
complete  autoinhibition  was  obtained  with  the  unconjugated  rheumatoid 
arthritis serum applied to a conjugated sample of the same serum. 
The localization of the colitis antigen(s) on the colonic mucosa seemed to be 
similar to that of the blood group substances of the ABO system (16). It there- 
fore was of interest to investigate whether there existed an immunological rela- 
tionship between blood group substances on one hand and the antigens reacting 
with the antibodies in the serum of patients with ulcerative colitis on the other. 
When tissue sections of individuals of blood group O  (used in all  cases in the 
present study) were stained with fluorescein-labeled H  agglutinins, isolated from 
eel serum, pictures indistinguishable from those shown in Figs. 1 to 5 were ob- 
tained  (Fig.  7). The specificity of this staining was confirmed by the autoin- 
hibition tests also recorded in Table IV.  The absence of any immunological 
relationship between the antigens could similarly be established by means of 
cross-inhibition experiments (Table IV). Thus, preincubation of tissue sections 
with  unconjugated  H  agglutinins  did  not  prevent  a  positive  staining  with 
conjugated gamma  globulin  from a  patient  with  ulcerative colitis.  Nor did 
incubation with unconjugated gamma globulin from the patients inhibit posi- 
tive staining with conjugated H  agglutinins. 
The dissimilarity  between H  substance  and  colonic antigen  of ulcerative 
colitis was also observed by means of hemagglutination inhibition. Text-fig. 1 
shows the typical curves which were obtained when sheep erythrocytes, sen- 
sitized with  colon extracts,  were hemagglutinated  with  antiserum,  absorbed 
either with extract of human colon, or with H  substance. As can be seen, addi- 
tion of even large amounts of H  substance was of no inhibitory effect whatso- 
ever. This contrasted slightly with the reverse experiment made with human 
group O  erythrocytes and eel serum (Text-fig. 2). In this type of experiment 
a  weak but  significant  inhibition  of hemagglutination  was  always  obtained 
with the colon extract. Most likely, this inhibition was due to the presence of 
small amounts of blood group substance in the phenol-water extracts of colon. 
DISCUSSION 
The present work has given evidence that sera from children with ulcerative 
colitis contain antibodies which react with normal colon antigen in situ.  A1- 22  EPITIIELIAL  ANTIGEN  IN  COLON 
though low, the incidence of sera containing colon-staining antibodies is never- 
theless significant for ulcerative colitis. It should be emphasized that the present 
experiments were made exclusively with unfixed sections. This procedure was 
chosen since the chemical nature of the antigenic determinants is unknown. 
However, it is possible that this led to a certain loss of antigen during washing 
of the sections. Assuming the staining capacity of various sera was related to 
their antibody concentration (cf.  below),  a  higher incidence of staining  sera 
might have been obtained with the use of fixatives. 
The results  of absorption  studies  suggest  that  the  stainable  antigen  also 
occurs in the phenol-water extracts used in the hemagglutination tests.  This 
does not necessarily imply that the same antigens, or determinants, are reacting 
in the two types of tests,  since the extracts most likely are immunologically 
heterogeneous. However, the obvious correlation between staining properties 
and hemagglutinating titer of the sera may indicate a  similarity between the 
systems. If this were true, the lack of staining capacity of certain sera would 
be due  to  suboptimal antibody concentrations rather  than  due  to  antibody 
heterogeneity. This  explanation is  also  favored by  the  improvement of the 
results when the more sensitive indirect method was used, and by the outcome 
of the cross-inhibitions shown in Table III. 
No safe conclusions regarding the nature of the antigens can be drawn from 
the  negative  results  of  the  inhibition  experiments  with  sera  from  patients 
suffering from SLE or the nephrotic syndrome, which both contained hemag- 
glutinating  antibodies  towards  colon-sensitized erythrocytes. Although  SLE 
sera have been reported to contain antibodies staining various tissues (17) they 
were inactive when tested on the unfixed colon sections of this study.  (Lack 
of material prevented further experiments with  other tissues.)  The negative 
results of the inhibition tests with the SLE and the nephrotic  syndrome sera 
can be explained by a difference in type or localization of the colon antigen(s) 
reacting with the antibodies in these sera, or by antibody concentrations too 
low to accomplish inhibition. For similar reasons it can not be decided whether 
the hemagglutinating antibodies, present in the rheumatoid arthritis  sera, are 
reacting with the same colon antigen as the antibodies in the ulcerative colitis 
sera. However, the present results do indicate that  the rheumatoid  arthritis 
serum contained additional antibodies reacting with colon antigen unrelated to 
that labeled by the ulcerative colitis sera. This is also indicated by the localiza- 
tion of the label in the tissue sections. 
Finally, the results of the experiments with blood group substance conclu- 
sively demonstrated that it is immunologically unrelated to the antigen reacting 
with the ulcerative colitis antibodies, in spite of its similar localization in the 
colon tissue. 
Although there is no evidence that the circulating antibodies of ulcerative 
colitis  are  of  any  pathogenetic  significance,  the  pathologic  features  of  the 
disease would be compatible with an immunological concept of the pathogenesis OVEBROBERGER  AND PETER PEI~MANN  23 
(18). Diffuse infiltration by lymphocytes, eosinophils, and plasma cells can be 
found early in the disease. This cellular infiltration is associated  with edema, 
vascular congestion, and rupture of cryptic abscesses. Some workers consider 
an extensive destruction of the epithelial basement membranes as an early and 
significant  sign of the disease  (19). If the circulating antibodies were of any 
pathogenetic significance, they would be expected to have an affinity for these 
structures. However,  the present work has only given evidence for the adsorp- 
tion of antibodies onto epithelial cells of the mucosa and no specific binding to 
basement membranes could be visualized.  The antigen might be a  secretory 
product, immunologically unrelated to the blood group substances.  However, 
as already pointed out above, in this study only unfixed sections were used for 
staining. This may have led to a certain displacement of soluble antigen from 
the places of its natural occurrence. 
The possibility of the presence in the sections of bacterial antigens reacting 
(cross-reacting?)  with the antibodies from the patients with ulcerative colitis 
has also to be taken into account. It should be pointed out, however, that the 
antigen which abolished staining when used for absorption,  was prepared from 
sterile  material (colon from newborns  who had died without feeding).  More- 
over,  the fact that fetal colon ceils in tissue  culture also can be stained with 
fluorescent  antibodies  (unpublished  experiments)  strongly suggests  that  the 
antigen is a genuine constituent of the colon tissue. 
SUM~A.RY 
Thirteen sera from children  with ulcerative colitis were examined for anti" 
bodies reacting with constituents of human colonic tissue by means of immuno- 
fluorescent  methods. 3 out of 10 sera reacted positively when tested by the 
direct staining method while 6 out of 13 reacted positively when tested by the 
indirect method with conjugates of rabbit anti-human gamma globulin.  The 
specificity of the reactions could be confirmed by inhibition tests. 16 sera from 
healthy children and adults yielded completely negative results.  The staining 
capacity of various sera was correlated to their hemagglutinating titer when 
they were tested with sheep erythrocytes, coated with phenol-water extract of 
human colon. Absorption  experiments indicated that the stainable antigen was 
also present in the extracts used for the hemagglutination experiments. 
In unfixed tissue  sections,  fluorescent  antibodies were  adsorbed onto the 
epithelial  cells of the mucosa.  Adsorption on epithelial  basement membranes 
could not be demonstrated. Fluorescent H agglutinlns, isolated from eel serum, 
were adsorbed onto the same mucosal structures of human colon (blood group 
O)  as the antibodies in the sera of patients with ulcerative colitis. However, 
any immunological relationship between H  substance and the colonic antigen 
of ulcerative colitis could be ruled out by cross-inhibition and hemagglutination 
inhibition experiments. 
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sections  of  human  colon  but  the  localization  of  the  stainable  antigens  was 
different from that visualized with the ulcerative colitis sera. Inhibition experi- 
ments  indicated  that  the  rheumatoid  arthritis  serum  contained  antibodies 
staining  colon  antigens  different  from  those  reacting  with  antibodies  in  the 
ulcerative  colitis  sera.  Sera from patients  with  systemic lupus  erythematosus 
or with the nephrotic syndrome, which all hemagglutinated erythrocytes coated 
with colon extract, did not stain the sections of the colon tissue either because 
of  suboptimal  antibody  concentration  or  because  of  a  difference  in  type  or 
localization of the antigen. 
This investigation was supported by grants from the Swedish Medical Research Council 
and from the Faculty of Medicine, University of Gothenburg.  The authors are indebted to 
Drs. B. Ihre, T. Alto, and W. Graf (Medical Department of S:t Eriks Hospital,  Stockholm) 
who have kindly provided the material,  to Miss Kerstin Ericsson for preparation of the tissue 
sections, and to Mrs. Rut Holmdahl-Svensson for skilled technical assistance. 
BIBLIOGRAPHY 
1.  Broberger,  O.,  and  Perlmann,  P.,  Autoanfibodies  in  human  ulcerative  colitis, 
J.  Exp.  Med.,  1959,  110,  657. 
2.  Asherson,  G., and Broberger, O., The incidence of haemagglutinating  and  com- 
plement-fixing antibodies,  Brit.  Med.  J.,  1961,  5237,  1429. 
3.  Polcak, J., Vokurka, V., and Sk/~lov~, M., Autoimmuni reakce u colitis ulcerosa, 
Vnit~n~  l~ka~stv  L  1959, 6,  577. 
4.  Polcak, J., and  Vokurka, V.,  Autoimmune reactions in the course of ulcerative 
colitis, Am. J. Digest.  Dis., New Series,  1960,  5, 395. 
5.  Bregman, E., and Kirsner, J. B.,  Colon antibodies in ulcerative colitis, J. Lab. 
and  Clin.  Med.,  1960,  56,  795. 
6.  Bregman, E., and Kirsner, J. B., Some properties of colon antibodies in ulcerative 
colitis, Fed. Proc.,  1961,  20  (part  1),  13. 
7.  Kirsner,  J.  B.,  and  Bregman,  E.,  Antigenic  specificity of  colon  mucosa,  Fed. 
Proc.,  1961,  20  (part  1),  13. 
8.  Bernier, J. J., Lambling, A., and  Cornelis, W., Sur la pr6sence d'anticorps anti- 
c61on dans le s6rum de malades atteints  de colite ulc~reuse,  Bull.  Mere. Soc. 
mad.  tt~p. Paris,  1960,  28-29,  1129. 
9.  Sober,  H.  A.,  and  Peterson,  E.  A.,  Protein  chromatography  on  ion  exchange 
cellulose,  Fed.  Proc.,  1958,  17,  1168. 
10.  Kohn,  J.,  A  simple method  for the  concentration  of fluids  containing  protein, 
Nature, 1959, 188, 1055. 
11.  Kabat, E. A., in Blood Group Substances, New York, Academic Press Inc., 1956. 
12.  Deutsch, H. F., Separation of antibody-active proteins from various animal sera 
by ethanol fractionation  techniques,  in Methods in Medical Research,  (A.  C. 
Corcoran, editor),  Chicago, The Year Book Publishers,  Inc., 5, 1952. 
13.  Mellors,  R.  C.,  Fluorescent  antibody  method,  in  Analytical  Cytology,  (R.  C. 
Mellors, editor), New York, McGraw-Hill Book Company, 1959. 
14.  Chadwick,  C.  S.,  McEntegart,  M.  C.,  and  Nairn,  R.  C.,  Fluorescent  protein OVE BROBEI%GER AND  PETEE PERL~IANN  25 
tracers: a trial of new fluorochromes and the development of an alternative to 
fluorescein,  Immunology,  1959, 1,  315. 
15.  Porath,  G.,  Gel  filtration of proteins, peptides  and  amino  acids,  Biochim.  et 
Biophysica Acta,  1960, 39,  193. 
16.  Holborow, E. G., Brown, Patricia C., Glyrm, L. E., Hawes, Kary D., Gresham, 
G. A., O'Brien, T. F., and Coombs, R. A., The distribution of the blood group 
A antigen in human tissue, Brit. I. Exp. Path., 1960, 43., 430. 
17.  BardawiU, W.  A., Tey, B. L., Galins,  Nora, and Bayles, T. B., Disseminated 
lupus erythematosus, sderoderma and dermatomyositis as manifestations of 
sensitization  to DNA protein. I. An immunohistochemical  approach, Am. J. 
Path.,  1958, 34, 607. 
18.  Warren,  S.,  and  Sommers,  S.  C.,  Pathology of regional  ileitis  and  ulcerative 
colitis, J. Am. Med. Assn., 1954, 154, 189. 
19.  Jacobson, M. A., and Kirsner, J. B., The basement membranes of the epithelium 
of the colon and rectum in ulcerative colitis and other diseases, Gastroenterology, 
1956, 30, 279. 26  EPITHELIAL ANTIGEN  IN  COLON 
EXPLANATION OF  PLATES 
PLATE  6 
FIG. 1. Section of human colonic mucosa showing adsorption of conjugated (fluo- 
resceinisothiocyanate)  gamma  globulin from ulcerative  colitis serum  (A.P-n)  onto 
epithelial cells. Because of the intensive staining basement membranes were not visu- 
alized.  X  300. 
FIG.  2.  Section  of  human  colonic  tissue  incubated  with  conjugated  (lissamine 
rhodamine B 200) serum from ulcerative colitis (A.L-n) showing staining of the epithe- 
lial cells lining the crypts. As the basement membranes are readily visualized it may 
be assumed that labeled antibodies are not adsorbed onto these structures.  X  200. 
FIG. 3. Section of human colonic mucosa incubated with conjugated (fluorescein- 
isothiocyanate)  serum  from ulcerative  colitis  (G.M-n)  showing adsorption of anti- 
bodies onto epithelial cells. Note absence of nuclear staining.  X  300. 
FIG. 4. Cross-section of a colonic crypt, showing adsorption of conjugated (fluores- 
ceinisothiocyanate)  gamma  globulin  from ulcerative  colitis  (G.M-n)  onto the epi- 
thelial cells. Note staining of central structures, possibly a secretory product.  X  500. THE  JOURNAL  OF  EXPERIMENTAL MEDICINE  VOL.  115  PLATE 6 
(Broberger and Perlmann: Epithelial antigen in colon) ]?LATE 7 
FIG. 5.  Section of human colonic mucosa stained by the indirect method showing 
adsorption of antibodies from ulcerative colitis serum (A.K-n) onto epithelial ceils. 
Note absence of nuclear staining. X  300. 
Fio.  6.  Section of  human colonic tissue incubated with conjugated  (fluorescein 
isothiocyanate)  serum  from  rheumatoid  arthritis  showing  diffuse  staining of  the 
mucosa,  submucosa, and muscularis.  ×  100. 
FIG. 7.  Section of human colonic mucosa incubated with conjugated (fluorescein- 
isothiocyanate) H agglutinins from eel showing distribution of H  substance.  ×  300. THE  JOURNAL  OF  EXPERUv[ENTAI  ~v[EDICINE VOL. 115  PLATE  7 
(Broberger and Perlmann: Epithelial antigen in colon) 